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Human ovarian turcor-associated antigen specific for .onoclonal 
antibody 0V-TL3. 

Background of the Invention 

Ovarian cancer is the most lethal of all 
gynaecological cancers. Most of the ovarian tumors 
5 are of the epithelial type, of which the serous and 
mucinous cystadenocarcinomas predominate. The 
detection of ovarian tumors is often fatally delayed 
because of their location and the lack of diagnostic 
methods for early detection. By the time most 
10 patients are diagnosed they have advanced ovarxan 
carcinoma (PIGO Stage III or IV) , and their prog- 
nosis is poor. Attempts have been made to identxfy 
tumor markers which would allow both an early 
diagnosis and treatment, thus improving -the prog- 
15 nosis for patients. See e.g., Lloyd, K.O.: Human 
ovarian tumor antigens. In: Serological Analysis of 
w » ma n cancer Antigens , Rosenberg,. S. A. (ed.), New 
York, Academic Press 1980, pages 515-524; 
Bhattachary M. and Barlow, J.J.. Tumor markers for 
20 ovarian cancer, Int. Adv. Sura- Oncol. 2:155-176, 
1979; Lloyd, K.O.: Human tumor antigens: Detection 
and characterization with monoclonal antibodies. 
I„ s Bas ic and gUnical Tumor Immunology; Huberman, 
R.B. (ed.), Martinus Nijhoff Publishers, Boston, 
25 1983, pages 159-214. Cytological analysis of serous 
effusions for malignant cells, at a late stage of 
the disease, is conclusive in the majority of 
samples. However, in approximately 15% of the 
samples a definite diagnosis cannot be made due to 
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the similarity between well differentiated adeno- 
carcinoma cells and reactive atypical mesothelial 
cells. (Epenetos, A.A. , Canti f G. , Taylor- 
Papadxraitriou, J., Curling, M. and Boomer, W.F.: Use 
5 of two epithelium specific monoclonal antibodies for 
diagnosis of malignancy in serous effusions, The 
Lancet ii: 1004-1006, 1982). 

The identification of tumor-associated antigen 
markers has been shown to be an important tool for 
10 diagnosis and surveillance of women with ovarian 
cancer. It was the development of the monoclonal 
antibody technique which facilitated the search for 
phenotypic heterogeneity of tumors and normal 
tissues and the recognition of these tumor- 
15 associated antigens. (Bhattacharya, M. , Chatterjee, 
S.K. , Barlow, J.J. and Fuji, H. , Cancer Research, 
42:1650-1654, 1982; Bast, R.C., Feeney, J. et al. , 
J. Clin . Invest . , 68:1331-1337, 1981; Borowitz , M.J. 
and Stein, R.B., Arch . Pathol . Lab. Med., 
20 108:101-105, 1984). Monoclonal antibodies can be 
used as targets for attacking cancer cells for both 
diagnosis and treatment of cancer. 

Since the original description of monoclonal 
antibody OC125 (Bast, R.C., Feeney, M. et al. , J- 
25 clin . Invest . , 68:1331-1337; 1981) several other 

monoclonal antibodies have been reported which react 
with human ovarian carcinomas (Mattes, J.M. et al. , 
Proc. Natl . Acad . Sci. 81:568-572, 1984; Tabliabue, 
A. et al., Cancer Res . 45:379-385, 1985; Tsuji, Y. 
30 et al. Cancer Res . 45: 2358-2362, 1985; Thor, A. et 
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al., J-N-I-C. 76:995-1006, 1986; Poels, L.G. et al. , 
j. N.C.I. 75:781-791, 1986; Tay lor-Papadimitr iou , J. 
et al. , Int. J. Cancer 28:17-21, 1981.); these 
antibodies have been used to monitor the disease 

5 (Bast, R.C. et al., N. Eng.. J. Med. 309:883-887, 
1983), to detect tumors by means of radionuclide 
imaging (Epenetos, A. A. et al. , Cancer 55:984-987, 
1985; Pateisky, N. et al. , J. Nucl. Med. 26:1369- 
1376, 1985) and to treat tumors by radioimmuno- 

10 therapy (Epenetos, A. A. et al. , Obstet. Gynecol . 

68:715-745, 1986). However, the lack of sufficient 
tumor specificity is still a problem. In the adult, 
OC125 defined antigen can also be detected in the 
lining epithelium of the gynaecological tract. 

15 Elevated CA125 tumor antigen levels (65U/ml) were 
found in serum from 22% of patients with non- 
gynaecological cancers, including carcinomas of the 
pancreas, stomach, colon and breast. But also a 
limited number of false positives could not be 

20 excluded entirely in the same study. (Bast, R.C. and 
Klug, T.L. et al. , Amer . J. Obstet . Gynaecol. , 
149(5) :553-559, 1984.) 

Summary of the Invention 

This invention relates to a cell surface 
25 antigen (designated CA-TL3 ) associated with primary 
and metastatic human ovarian carcinoma of the 
serous, mucinous, endometrioid and clear cell types 
which demonstrates specific reactivity with the 
0V-TL3 monoclonal antibody. The invention also 
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relates to methods of diagnosis and therapy of 
ovarian carcinoma which are based upon the CA-TL3 
antigen as a distinctive marker of the tumor. 

The CA-TL3 antigen is a cell surface antigen 
5 expressed by the major histological types of ovarian 
carcinoma. The antigen is not expressed by non- 
gynaecological tumors and is only minimally ex- 
pressed by normal epithelium of the female genital 
tract . 

10 Because of its association with ovarian car- 

cinoma, the CA-TL3 antigen can be used to diagnose 
and treat ovarian carcinoma. For example, mono- 
clonal antibodies which are specific for the CA-TL3 
antigen can be produced and used for the detection, 

15 diagnosis and treatment of ovarian carcinoma based 
upon their reactivity with CA-TL3. These monoclonal 
antibodies can be used to image primary and/or 
metastatic ovarian carcinoma in vivo by immunoscin- 
tigraphy, thereby allowing tumor localization. In 

20 therapy, these antibodies may be used for passive 

immunotherapy or as a targeting agent for selective 
delivery of cytotoxic agents to ovarian carcinoma in 
vivo . 

Brief Description of the Drawings 
25 Figure 1A is a photograph of an immunoblot from 

a 10% SDS-polyacrylamide gel of OVCAR-3 cell lysates 
probed with radioiodinated OC125. 
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Figure IB is a photograph of an immunoblot from 
a 7.5% SDS-polyacrylamide gel of OVCAR-3 cell 
lysates probed with radioiodinated 0V-TL3. 

Figure 2 shows the double reciprocal plot of 
5 binding of antibodies to OVCAR-3 cells. (o=binding 
of 125 I-0C125, *=binding of 125 I-OV-TL3 . ) 

Figure 3 shows the binding of the antibodies to 
OVCAR-3 cells over time. 

Figure 3A depicts the binding of I-OC125 to 
10 glutaraldehyde fixed cells (o) or non-fixed cells 

<*>• 125 

Figure 3B depicts the binding of I-OV-TL3 to 

glutaraldehyde fixed cells (o) or non-fixed cells 

15 Figure 4 shows the dissociation of antibodies 

from OVCAR-3 cells over time. 

Figure 4A depicts the binding of I-OC125 to 
glutaraldehyde fixed cells (o) or non-fixed cells 

Figure 4B binding of 1Z5 I-OV-TL3 to 
glutaraldehyde fixed cells (o) or non-fixed cells 

(*). 

Figure 5 shows the inhibition of antibody 
binding by serum and ascites samples. (©-binding of 
25 125 I-0C125, *=binding of 125 I-OV-TL3 . ) 

Figure 6 shows the cross inhibition of the 

antibodies. log 

Figure 6A depicts the binding of " I-OC125 
with different concentrations of inhibitor OC125 (o) 



20 
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and with different concentrations of inhibitor 
OV-TL3 (*) . 

Figure 6B depicts the binding of I-0V-TL3 
with different concentrations of inhibitor OC125 (o) 
5 and with different concentrations of inhibitor 

0V-TL3 (*)• 

Figure 7 shows the biodistribution of the 
antibodies in OVCAR-3 bearing nude mice at (A) 24 

and (B) 125 hours after intravenous administration 

125 

10 of the antibodies. (speckled bars - I-OC125, 
hatched bars » A "l-0V-TL3. ) 

Detailed Description of the Invention 

This invention relates to a cell surface 
antigen (designated CA-TL3) associated with primary 

15 and metastatic human ovarian carcinoma of the 

serous, mucinous , endometrioid and clear cell types 
(i.e. the major histological types of ovarian 
carcinoma) . The CA-TL3 antigen is expressed by 
primary and metastatic ovarian tumor cells of these 

20 histological types. This antigen is further 

characterized by its specific reactivity with the. 
OV-TL3 monoclonal antibody. The invention also 
relates to methods which employ monoclonal 
antibodies to diagnose and treat ovarian carcinoma • 

25 based upon the use of CA-TL3 antigen as a 

distinctive marker of the tumor. The monoclonal 
antibodies OC125 and 0V-TL3 were compared in terms 
of their interaction with ovarian carcinoma cells in 
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an attempt to further characterize the antigens 
recognized by these antibodies. 

Some of the characteristics and properties of 
the antigen provided by the present invention 
5 include the following: 

(a) Ovarian cancer cell lysate (OVCAR-3 cell 
line) antigens analyzed by immunob lotting 
with an iodinated OV-TL3 probe revealed 
two antigenic determinants with molecular 

10 weights of 20 , 000 and 40,000 daltons, 

respectively. 

(b) An enzymatic analysis of the CA-TL3 
antigen demonstrates that the antigen is 
only slightly sensitive to proteolytic 

15 digestion. Binding of OV-TL3 to OVCAR-3 

cells (1) decreased slightly after 
treatment with pronase and trypsin, (2) 
did not change after papain treatment, and 
(3) increased after treatment with 

20 neuraminidase. 

(c) The CA-TL3 antigen is not shed from 
ovarian cancer cells. Iodinated OV-TL3 
was mixed with dilutions of serum and 
ascites samples from ovarian cancer 

25 patients. The mixtures were then added to 

wells containing ovarian cancer cells, and 
the inhibition of antibody binding was 
determined (see exemplification below) . 
OV-TL3 binding was only slightly inhibited 

30 by non-diluted samples, which was the same 
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for serum samples from healthy donors or 
from ovarian cancer patients, 
(d) The monoclonal antibodies 0V-TL3 and OC125 
recognize distinct antigenic determinants 
5 that are associated with human ovarian 

carcinomas , and the steric configuration 
does not hinder the antibodies when they 
are bound to the cells. Therefore, more 
antibody can be bound when both antibodies 
10 are incubated simultaneously with the 

ovarian cancer cells. 
Of particular importance in distinguishing the 
antigen of the present invention from other anti- 
gens, including other ovarian tumor associated 
15- antigens, is the specificity of monoclonal antibody 
0V-TL3 for at least two determinants of the antigen 
characterised herein. Additionally, the specific 
reactivity of 0V-TL3 for the antigen defined by the 
invention provides a means for isolation and purif i- 
20 cation of the antigen from other material of human 
origin, and ultimately the characterization of 
antigenic determinants. The CA-TL3 antigen can be 
used to construct an immunoadsorbent for purifica- 
tion of antibody reactive with the antigen by 
25 attaching the antigen to a solid phase. 

The purified antigen and determinants thereof 
are useful in the production of monoclonal anti- 
bodies for diagnostic and therapeutic application 
using techniques well known in the art. For 
3Q example, murine hybridomas producing monoclonal 
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antibodies may be obtained. The isolated immuno- 
reactive 20 kDa or 40 kDa species of CA-TL3 can be 
used as an inmmnogen preparation to raise 
anti-CA-TL3 antibody by employing the standard 

5 techniques of Kohler and Milstein Nature , 256., 
495-497 (1975) . For example, a mouse or other 
suitable host is immunized with purified CA-TL3 . 
Spleen cells are harvested and fused with suitable 
mouse myeloma cells. The resulting hybridomas can be 

10 selected for anti-CA-TL3 antibody production on the 
basis of specific reactivity with the isolated 
CA-TL3 antigen. 

Monoclonal antibodies raised against CA-TL3 are 
useful for the diagnosis and treatment of ovarian 

15 carcinoma. These antibodies can be used for in vivo 
tumor imaging to localize primary or metastatic 
ovarian carcinoma. For example, immunoscintigraphy 
can be used for tumor imaging. An antibody or 
antibody fragment (antigen binding fragment) spe- 

20 cif ic for CA-TL3 conjugated to a label which . 

generates a signal detectable by external scin- 
tigraphy (e.g., a gamma emitting radioisotope) is 
administered to a patient. After sufficient time to 
allow the labeled antibody to localize at the tumor 

25 site (or sites) , the signal generated by the label 
is detected by a photo-scanning device. The 
detected signal is then converted to an image of the 
tumor. This image makes is possible to locate the 
tumor in vivo and to devise an appropriate 

30 therapeutic strategy. 
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Antibody fragments, rather than whole antibody 
molecules, are generally preferred for use in tumor 
imaging. Because they are distributed more readily 
in the tissues than are entire antibody molecules, 

5 antibody fragments accumulate at the tumor (s) more 

rapidly. Thus an image can be obtained in less time 
than is possible using whole antibody. These 
fragments are also cleared more rapidly from tis- 
sues, resulting in a lower background signal. Haber 

ID: et al., U.S. Patent No. 4,036,945; Goldenberg et 

al., U.S. Patent No. 4,331,647. The antigen binding 
fragments Fab and P(ab*) 2 are preferred. The Fab 
fragment can be prepared by digestion of the whole 
immunoglobulin molecule with the enzyme papain; and 

15 the E'(ab*> 2 fragment by digestion of the whole 

• immunoglobulin molecule with pepsin according to any 
of several well known protocols. In addition, 
fragments can also be prepared by recombinant DNA 
techniques. 

2ir The antibodies or antibody fragments can be 

labelled with radioisotopes such as Indium-Ill and 
Technetium- 9 9m. The gamma-emitters Indium-Ill and 
Technetitntt-99m are preferred because these 
radiometals are detectable with a gamma camera and 

25 have favorable half-lives for imaging in vivo - 
Antibody can be labelled with Indium-Ill or 
Technetium-99m via a conjugated metal chelator, such 
as DTPA (diethylenetriaminepentaacetic acid) . 
Krejcarek et al. , Biochem . Biophys . Res . Comm . 

30 77:581, 1977; Khaw, B.A. et al. Science 209:295 , 
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1980; Gansow et al . , U.S. Patent No. 4,472,509; 
Hnatowtch, U.S. Patent No. 4,479,930, the teachings 
of which are incorporated by reference herein. A 
preferred method of conjugating the antibody or 
5 fragment with DTPA is by the dicyclic anhydride 

method. See' Hnatowich et al . , Science 220 : 613-615 , 
1983. 

Human tissue specimens (e.g., biopsy samples) 
can be tested for expression of the CA-TL3 antigen 

10 by using monoclonal antibodies to the former in an 
immunohistochemical technique, such as the immuno- 
peroxidase staining procedure. Alternatively, 
immunofluorescent techniques can be used to examine 
human tissue specimens. In a typical protocol, 

15 slides containing cryostat sections of .frozen, 

unfixed tissue biopsy samples or cytological smears 
are air dried, and then incubated with the CA-TL3 
antigen preparation in a humidified chamber at room 
temperature. The slides are layered with a 

20 preparation of f luorescently labelled antibody 
directed against the monoclonal antibody. The 
staining pattern and intensities within the sample 
are determined by fluorescent light microscopy. 

The monoclonal antibodies which specifically 

25 react with the CA-TL3 antigen can be used in at 

least two different forms of therapy for treatment 
of ovarian carcinoma. First, in passive immuno- 
therapy, an anti-tumor amount of monoclonal antibody 
' is administered in a physiologically acceptable 

30 vehicle (e.g., normal saline) to a patient afflicted 



with ovarian carcinoma. Intact antibody is 
preferred for this purpose because effector 
functions attributable to the F Q portion are 
retained. 

Second, monoclonal antibodies which specifical- 
ly bind to the CA-TL3 antigen can be used as tar- 
geting agents to deliver anti-cancer agents selec- 
tively to tumor cells. Various pharmaceutical or 
cytotoxic agents can be covalently or noncovalently 
coupled to the antibodies. Examples of useful 
therapeutic agents include: radioactive compounds 
(e.g. , isotopes of Boron and Rhenium); agents which 
bind DNA, such as alkylating agents or various 
antibodies (e.g., daunomycin r adriamycin f 
chlorambucil) i anti-metabolites (e.g., 
methotrexate); and inhibitors of protein synthesis 
(e.g., diptheria toxin and toxic plant proteins). 

In the methods discussed above for imaging and 
treating human ovarian carcinoma, the monoclonal 
antibody 0V-TL3 can be administered in combination 
with the monoclonal antibody OC125. Because 0V-TL3 
and OC125 recognize distinct antigenic determinants, 
and the steric configuration does not hinder the 
antibodies when they are bound to the cells, more 
antibody can be bound when both antibodies are 
administered simultaneously. 

The invention is illustrated further by the 
following example, which is not to be taken as 
limiting in any way. 
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Exemplification 
Cell Lines 

Ovarian cancer cell line OVCAR-3 (Hamilton, 
T.C., Young, R.C. , Louie, K.G., Behrens, B.C., 
McKoy , W.M., Grotziner, K.R. and Ozols, R.F. , Cancer 
Res. 44:5286-5290, 1984) was used because it can be 
^rown in vitro as well as in vivo in nude mice. The 
cell line was grown in vitro in Eagle's minimal 
essential medium supplemented with 10% FCS (foetal 
calf serum), nonessential amino acids (0.1 mM) , 2 mM 
1-glutamine, 1 mM sodium pyruvate, pencillin G (50 
units/ml) and streptomycin (50 ug/ml) . 



Monoclonal Antibodies 

The monoclonal antibodies OC125 and OV-TL3 have 
been described (Bast, R.C., Freeney, M. , Lazarus, 

H. , Nadler, L.K., Colvin, R.B. and Knapp, R.C, J. 
Clin . Invest . 68:1331-1337, 1981; Poels, L.G. , van 
Megen, Y. , Vooijs, G,P., Verheyen, R.N.M. , Willemen, 
A., van Niekerk, C.C., Jap, P.H.K., Mungyer, G. and 
Kenemans, P. J.N.C.I. 75:731-791, 1986). Hybridomas 
were grown either in tissue culture or as acites in 
BALB/c mice. Both 0C125 and OV-TL3 are of the mouse 
IgG-1 type. The antibodies were purified as fol- 
lows: Mouse ascites of hybridoma tissue culture 

25 supernatant was filtered and adjusted to pH 8 with 

I. 0 M Tris-HCl before application onto a Protein 
A-Sepharose column. The unbound materials were 
removed from the column by washing with 0.1 M 



Tris-HCl until no further change in absorbance at 
280 nm was seen. The antibodies were then eluted 
with 0.1 M citrate (pH 3.5). Fractions containing 
the purified antibody were pooled, concentrated and 
dialysed against 0.9% NaCl solution. (Fab') 2 
. fragments were prepared as described elsewhere 
(Johnstone, A. and Thorpe, R. Immunochemistry in 
Practice, Blackwell Science Publications; 53-55, 
1982) . The protein concentration was determined by 
measuring the absorbance at 280 nm, assuming that 1 
mg/ml antibody reads 1.4. 

Radioiodination 

Iodination of OC125 and OV-TL3 was performed 
according to the one-vial method (Haisma, H.J., 
Hilgers, J. and Zurawski, V.R. Jr. J. Nucl. Med., in 
press) . Briefly, 290 ug of antibody in 1 ^O- 1 n 
borate buffer (pH 8.2) was mixed with 1 mCi I in 
a vial previously coated with 1 ml iodogen (50 
ug/ml) . After 10 minutes of incubation at room 
temperature, a sample was taken to determine the 
amount of incorporated iodine. One milliliter of 
AG1-X8 resin (Bio Rad, Richmond, CA) previously 
mixed with PBS (phosphate buffered saline) con- 
taining 1% bovine serum albumin (BSA) , was added to 
absorb unbound iodine. The reaction mixture was 
filtered through a 0.22 um filter to remove the 
resin and sterilize the product. After iodination, 
the immunoreactivity of the antibodies was 
determined according to Lindmo (Lindmo, J., Boven, 
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E. and Cuttitta, F. , J. Iran. Methods 72:77-89, 
1984) . Increasing numbers of ovarian carcinoma 
cells were added to one concentration of labeled 
antibody. After incubation at 4°C for 4 hours, the 

5 cells were washed. The amount of bound antibody was 
determined using a gamma counter. The reciprocal of 
the cell concentration was plotted against total 
input divided by bound antibody. Immunoreactivity 
was computed from the intercept on the y-axis. 

10 OC125 was labeled at 1 x 10 6 cpm/pmol (0.4 uCi/uM) 
of active antibody and OV-TL3 was labeled at 0.7 x 
10 6 cpm/pmol (0.3 uCi/uM) of active antibody. 

Immunoblotting 

OVCAR-3 cells were lysed in sample buffer 

15 before electrophoresis on a 7.5% or 10% acrylamide 
gel with a 3% acrylamide stacking gel (Laemmli, 
U.K., Nature 227 :680-685, 1970). The sample buffer 
contained 0.1% SDS. However, to prevent the in- 
activation of the antigens, (a) the sample buffer 

20 did not contain sulfhydryl reducing agents and (b) 
the samples were not heated before they were loaded 
on the gel. After electrophoresis, the gel was 
blotted onto nitrocellulose according to the method 
of Towbin (Towbin, H. , Stagheling, T. and Gordon, J. 

25 Proc. Natl . Ac. Sci. 269:4350-4354, 1979). The 
transfer was performed at 2.0 Ampere for 2 hours 
with PBS as the transfer buffer. After incubation 
with PBS 10% FCS for 30 minutes at room temperature, 
the nitrocellulose sheets were overlayed with 



WO 89/01*29 W " PCT/US88/02831 



-16- 

125 I-labeled OC125 or OV-TL3 (1 X 10 6 cpm/ml) for 2 
hours. These sheets were then autoradiographed by 
exposure to x-ray film with the aid of a Kodak 
X-Omatic intensifying screen for 18-48 hours at 
5 -80 °C. 

Enzymatic Treatments 

Cell monolayers were prepared by seeding 
2 x 10 4 OVCAR-3 cells/well in 96-well flat bottom 
tissue culture plates. Before use, the cells were 

1Q grown to 80-90% confluency, washed with PBS and 
fixed with 0.25% glutaraldehyde in PBS for 10 
minutes at room temperature. The wells were then 
treated with 200 ug/ml pronase, trypsin, or chymo- 
trypsin in PBS or neuraminidase in 0,1 H acetate 

15 buffer (pH 4.5) . After incubation for 1 hour at 

37°C the wells were washed three times with PBS 10% 
FCS and antibody was added at 10 ug/ml. After 
incubation the wells were washed once more, then 
peroxidase-labeled goat anti-mouse IgG (Boeringer, 

20 Mannheim) was added to the wells. Following ad- 
ditional incubation and washes, substrate 
CO-Phenylenediamine, 1 mg/ml in 0.1 M acetate pH 
5.0) was added, and, after development of the color 
reaction, the OD 490 of individual wells was read in 

25 an ELISA (enzyme- linked immunosorbent assay) reader. 



Binding Assay 

Cell monolayers were prepared as for enzymatic 
treatments. To determine affinity constants , the 
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v. 50 ul labeled antibody for 

wells were incubated with 50 ui j.w 

4 hours at 4°C in PBS 10% FCS containing 0.1% 

to prevent shedding and modulation. After three 

washes with PBS 10% FCS, binding was determined by 

5 counting in a gamma counter. Association and 

dissociation experiments were performed on both live 
and fixed (0.25% g paraldehyde for 10 minutes) 
cells at room temperature. For association ex- 
periments, monolayers were incubated with 50 ul 

10 labeled antibody (100,000 cpm) in PBS 10% FCS, for 
different time periods. For dissociation, mono- 
layers were incubated for 1 hour with labeled 
antibody. After washing, antibody was added at 100 
ZT1 At different time intervals labeled antibody 

15 which remained bound to the cells was determined by 
gamma counting. 

mhibitio n Assay 

OVCAR-3 cells were prepared as for the 
enzymatic treatments. The cells were fixed with 

20 glutaraldehyde and incubated for 60 minutes at room 
temperature with different concentrations of either 
OC125 or OV-TL3 mixed with 125 I labeled antibody or 
with undiluted or 5 fold diluted serum or ascites 
samples from patients with ovarian carcinoma, mixed 

25 with tracer OC125 or OV-TL3. 

Local^ion in — "^ian Carcinoma Xenografts 

Female athymic Swiss-nu/nu mice (Taconic Inc., 

Germantown, NY) 5 to 8 weeks old were given 
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subcutaneous injections of 2.5 x 10 OVCAR-3 cells 
in the right flank. After 3 weeks, when tumors were 
approximately 1 cm in diameter, the animals were 
given 1 ug 125 I-labeled 0C125 of 0V-TL3 (2-3 uCi) in 

5 the retro orbital vein. To block uptake of free 

iodine by the thyroid, mice received 0.1% saturated 
potassium iodide in the drinking water. At 24 and 
120 hour after antibody administration, mice were 
sacrificed (3 mice for each time point per antibody) - 

1.0; and the dissected tissues were weighed and analyzed 
by a gamma counter. 

Results 

Analysis of Antigens by Immunob].otting 

Ovarian cancer cell lysates were run on SDS 

15: polyacrylamide gels and blotted on nitrocellulose. 
The nitrocellulose blots were then incubated with 
either. 125 I-labeled OC125 or OV-TL3, washed, and 
autoradiographed. OC125 bound to a broad band with 
an apparent molecular weight exceeding 200,000 

20' daltons, which hardly entered the 3% stacking gel. 
OV-TL3 reacted with two bands with apparent molecu- 
lar weights of 20,000 and 40,000 daltons (Figure 1). 

Enzymatic Analysis of Antigens 

The binding of the 125 I-labeled antibodies to 
25 ovarian cancer cells treated with pronase, trypsin, 
or neuraminidase was determined. Binding of OC125 
to OVCAR-3 cells decreased after treatment with 



WO 89/01629 



PCT/US88/02831 



-19- 



10 



15 



20 



pronase, papain, and trypsin, but increased slightly 
after treatment with neuraminidase. Binding of 
OV-TL3 to OVCAR-3 cells decreased after treatment 
with pronase and trypsin; papain treatment had no 
effect and neuraminidase treatment increased binding 
of 0V-TL3 to OVCAR-3 cells (Table I) . A control 
antibody, 115D8 (Hilkens, J., Buys, P. , Hilgers, J., 
Hageman, Ph., Calafat, J., Sonnenberg, A. and Van 
der Valk, M. Int. J. Cancer ,34. 197-20 6 , 1984) 
reactive with carbohydrate determinants on OVCAR-3 
cells, did not show reduced binding after pronase, 
trypsin, or papain. Binding of 115D8 was reduced 
after neuraminidase treatment. 

Table I. The affect on antibody binding after 
.retreating QVCAR-3 cells with various enzymes. 



enzyme (% inhibition) 




1 Numbers represent percentage of binding inhibition 
as compared with control conditions. 
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Ogantitatign of OC125 and OV-T I.3 Binding to Ovarian 

Cancer Cell Lines 

Affinity constants were estimated and the 
number of antigenic determinants was determined by 
measuring the binding of the 125 I-labeled antibodies 
to the OVCAR-3 cell line. From linear double- 
reciprocal plots (Figure 2) , affinity constants and 
the number of antigenic determinants could be 
calculated (Masuho, Y. , Zalutski, M. , Knapp, R.C. 
and Bast, R.C. , Jr. Cancer Res. 44:2813-2819, 1984). 
The affinity constant for OC125 was 0.9 x 10 , while 
that for OV-TL3 was 1.6 x 10 9 . The number of 
antigenic determinants per cell was 6.0 x 10 for 
0C125 and 0.6 x 10 6 for OV-TL3. 

15 Association and Dissoci ation- of OC125 and OV-TL3 
Association of the two monoclonal antibodies 
was determined by measuring the amount of I- 
labeled antibody bound to live cells and fixed cells 
after different incubation periods (Figure 3) . 

20 Association of OC125 was very slow, reaching 50% 

binding in 125 minutes (Figure 3A) ? whereas OV-TL3 
associated much faster, with 50% binding in 30 
minutes (Figure 3B) . There was no difference in the 
association rates for OV-TL3 between live and fixed 

25 cells. Dissociation of OC125 and OV-TL3 was 

measured by incubating live and fixed cells with 
12S I-labeled antibody for 1 hour, washing the cells 
and adding non-radioactive antibody at 10 ug/ml. At 
intervals, the amount of antibody that remained 
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bound to the cells was determined (Figure 4). OC125 
dissociated with a T % of 125 minutes from fixed 
cells and 85 minutes from live cells (Figure 4A) . 
For OV-TL3 no difference in dissociation was noted 
between live and fixed cells (Figure 4B) . However, 
antibody disappearance was biphasic with apparent 
s of 60 and 300 minutes. 

inhibition bv Serum a nd Ascites Samples 

125 I-labeled antibodies were mixed with dilu- 
tions of serum and ascites samples from ovarian 
cancer patients. The mixtures were then added to 
wells containing ovarian cancer cells, and the 
inhibition of antibody binding was determined after 
60 minutes of incubation. Figure 5 shows the 
15 binding inhibition of OC125 and OV-TL3 for serum and 
ascites samples diluted 5 fold. As was expected, 
OC125 binding was inhibited by some of the serum 
samples and all the ascites samples. At this 
dilution, inhibition of binding correlated well with 
CA125 values of the samples. Inhibition by serum 
samples varied between 0% ( 400 CA125 U/ml) and 37% 
( 3000 CA125 U/ml) and inhibition by ascites samples 
was between 75% (2000 CA125 U/ml) and 94% (13,000 
CA125 U/ml) . Undiluted ascites samples completely 
25 inhibited the binding of OC125. Undiluted serum 
samples inhibited between 0% ( 35 CA125 U/ml) and 
20-90% (9 9-3000 CA125 U/ml) (data not shown) . 
0V-TL3 binding was slightly inhibited by non-diluted 
samples, which was the same for serum samples from 



20 
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healthy donors or from ovarian cancer patients (data 
not shown) . 0V-TL3 binding was not inhibited at 
five fold dilutions of the serum and ascites 
samples • 

5 Cross Inhibition of Antibodies 

Cross inhibition experiments were performed to 
see whether both antibodies recognized similar 
epitopes on molecules. Iodinated antibody was mixed 
with different concentrations of cold antibody, and 

10 binding to OVCAR-3 cells was determined (Figure 6) . 
Binding of OC125 could be completely inhibited by 
0.1 mg/ml cold OC125 but not by 0V-TL3; similarly, 
OV-TL3 binding could be inhibited by cold 0V-TL3 but 
not by A OCl25. 

Localization in Human Ovarian Cancer Xenografts 

To compare the distribution of OC125 or OV-TL3 

in vivo , we injected athymic mice bearing OVCAR-3 


xenografts with the I-labeled antibodies. 
Triplicate animals were sacrificed at 24 hours and 
120 hours after injection and their tissues were 
analyzed. Figure 7 indicates the uptake of the 
antibodies in the various tissues. No significant 
differences between the two antibodies were found in 
uptake in blood, marrow, intestine, fat, muscle and 
lung. At 24 hours after injection uptake of OC125 
■in liver and spleen was significantly higher than 
uptake of OV-TL3. This difference was less apparent 
at 120 hours after injection. Kidney uptake was 



15 
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higher for OV-TL3 at 24 hours as well as at 120 
hours after injection. Tumor uptake of OC125 and 
OV-TI.3 was similar at 24 hours after injection and 
about 5 times higher than uptake in other tissues. 
5 At 12 0 hours after injection of the labeled anti- 
body, 0V-TL3 uptake in tumor was about 7 times 
higher than uptake in other tissues and about twice 
as high as OC125 uptake in tumor. 

Discussion 

10 The monoclonal antibodies OC125 and OV-TL3 

recognize distinct antigenic determinants that are 
associated with human ovarian carcinomas, and both 
show similar distribution patterns on tissue sec- 
tions of human organs and tumors. OC125 binds to 

15 more than 80% of nonmucinous ovarian carcinomas 
including tumors of serous, endometrioid, clear 
cell, and undifferentiated histology (Kabawat, S.E., 
Bast, R.C., Bhan, A.K., Welch, W.R., Knapp, R.C. and 
Colvin, R.B. Int. J. Gyn. Path. 2:275-285, 1983). 

20 Traces of antigen can be found in the mucosa of the 
fallopian tube, endometrium, and endocervix. Using 
a radioimmunometric assay, one can measure levels of 
CA125 in the serum and ascites of patients with 
ovarian cancer. CA125 antigen can also be found in 

25 human milk, normal cervical mucus, in the central 

airway of the lung, and seminal plasma (Davis, H.M. , 
Zurawski, V.R., Bast, R.C and Klug, T.L. Cancer Res. 
46:6143-6148, 1986) . 
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OV-TL3 binds to ovarian carcinomas of serous, 
mucinous, endometrioid and clear cell histology. 
When tested for the presence of antigen of 0V-TL3, 
the epithelial lining of a borderline malignant 
5 papuliferous serous cystadenoma reacted weakly, as 
did ovarian cysts and the epithelial lining of a few 
endocervical invaginations and nabothian cysts 
(Poels, L.G., van Megen, Y. , Vooijs, G.P., Verheyen, . 
R.N.M. , Willemen, A., van Niekerk, C.C., Jap, 
10 P.H.K., Mungyer, G. and Kenemans, P. J.N.C.I.. 

75:781-791, 1986). Although several other anti- 
bodies to human ovarian carcinoma have been reported 
(Bast, R.C., Freeney, M. et al. , supra ; Mattes, J.M. 
et al., supra ; Tabliabue, A. et al., supra; Tsuji, 
15 Y. etal., supra ; Thor, A. , et al. , supra; Poels, 

L.G. etal., supra ; Taylor-Papadimitriou, J. et al. , 
supra ) , OC125 and OV-TL3 were selected for this 
study because of their specificity for these tumors 
and their lack of reactivity with other tissues. 
20 These two monoclonal antibodies were compared in 
terms of their interaction with ovarian carcinoma 
cells in an attempt to further characterize the 
antigens recognized by these antibodies. For this 
study the human ovarian cancer cell line OVCAR-3 was 
25 used because it can be grown in vitro as well as in 
vivo in nude mice. The interaction of the two 
antibodies with ovarian cancer cells was compared in 

both systems. 

OC125 recognized determinants on molecules with 
30 apparent weights of more than 200,000 daltons, as 
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analyzed by immunob lotting. The broad shape of the 
b and indicated that the antigen might be a glyco- 
protein with different degrees of glycosylatxon. 
Enzymatic studies showed that the antigen was 
senTtive to proteolytic digestion, indicating that 
the antigenic determinant is probably protexn xn 
Tture. These results are in clcse 
those published by Davis et al. who found that the 
antigen had an apparent mass of 200,000 to 1000,000 
aalton (Davis / H.M. et al. , supra) . These , xn- 
vestigators showed that the buoyant density of the 
antigen is between 1.25 and 1.35 g/ml, whxch may 
indicate that the antigen is slightly glycosylated. 
OV-TL3 recognize* determinants on molecules 
- with apparent weights of 20,000 and 40,000 dalton 
Enzymatic studies revealed that the OV-TL3 antxg.n 
isTnly slightly sensitive to proteolytic dxgestxon 
and that neuraminidase treatment enhances antxgen 
expression. This could mean that the antigen xs a 
glycoprotein and that the antigenic determxnant xs 
on the protein backbone. 

Cross inhibition experiments on OVCAR-3 cells 
showed that binding of 125 I-labeled OC125 was not 
influenced by OV-TL3 binding and that I-labeled 
OV-TL3 binding was not affected by OC125 bxndxng. 
Upon incubation of the tracers with the same antx- 
body, complete inhibition of binding could be 
achieved. These results indicate that OC125 and 
0V-TL3 recognize different antigenic determinants on 
OVCAR-3 cells, and that the steric conf iguratxon 
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does not hinder the antibodies when they are bound 
to the cells; i.e., more antibody can be bound when 
both antibodies are incubated simultaneously with 
the ovarian cancer cells. This might have impli- 

5 cations for therapy because a higher dose of 

externally administered radioactivity could be 
delivered to tumor when the antibodies are combined 
in a treatment. 

The affinity constants for OC125 and OV-TL3 

10 were similar: 0.9 x 10 9 for OC125 and 1.6 x 10 9 for 

OV-TL3. The number of antigenic determinants per 
cell (OVCAR-3) was 6.0 x 10 6 for OC125 and 0.6 x 10 6 
for OV-TL3. The rate of association of OC125 was 
very slow (50% binding after 125 minutes) compared 

15 with that of 0V-TL3 (50%- binding after 30 minutes). 

Dissociation rates for the two monoclonal antibodies 
also differed. OC125 dissociated with a T^ of 125 
minutes on fixed cells and 85 minutes on live cells, 
suggesting that active shedding {or modulation) 

20 process may be involved in the dissociation of this 

antibody from live cells. OV-TL3 show;ed no dif- 
ference in dissociation rates from live or fixed 
cells? however, dissociation seemed to be biphasic, 
with apparent T^ of 60 minutes and 300 minutes, 

25 suggesting that both low and high affinity binding 



sites might be present on the cell surface. Masuho 
et al. studied the interaction of OC125 using other 
ovarian cancer cell lines and found similar affinity 
constants and numbers of antigens per cell. Dis- 
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sociation of OC125, however, was very slow in their 
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study (T^ exceeded 23 hours) . Since they did not 
include excess antibody after the initial incu- 
bation, rebinding of the dissociated antibodies 
could occur and their measurements do not reflect 
the dissociation rate. In this study the as- 
sociation rate for OC125 was slow compared with that 
reported by Masuho et al. , who found 50% binding 
after 1 hour of incubation. (They used OVCA-433 
cells, on which antigen might be more accessible 
than on the OVCAR-3 cells.) 

Antibody binding of OC125 was inhibited by the 
serum or ascites samples from ovarian cancer pa- 
tients. This was expected, since other studies have 
shown that such samples contain CA125 and that the 
level of antigen is an indicator of the presence and 
status of the disease. 0V-TL3 binding was inhibited 
by neither of these samples nor by supernatants of 
ovarian cancer cells grown in tissue culture. 
Tissue homogenates were able to inhibit binding 
(data not shown). These results suggest that OC125 
antigen is shed from ovarian cancer cells and is, 
therefore, found in the serum and ascites samples, 
whereas OV-TL3 antigen is not shed from ovarian 
cancer cells and is, therefore, not found in these 
samples. The biodistribution of the two antibodies 
was evaluated in nude mice bearing subcutaneous 
tumors of the OVCAR-3 cell line. Uptake in liver 
and spleen was higher for OC125 than for OV-TL3 at 
24 hours after injection. Large amounts of CA125 
antigen are shed from tumor cells and can be found 
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in the serum and ascites from OVCAR-3 growing mice. 
The radiolabeled OC125 can form complexes by binding 
to circulating antigen (Haisma et al. , in prepara- 
tion) . It is likely that these complexes are 

5 cleared through liver and spleen, resulting in 

higher uptake in these organs. Kidney uptake was 
higher for OV-TL3. This could be due to reactivity 
of the antibody with structures in the kidney. 
Another explanation could be that 0V-TL3 is de- 

10 halogenized faster than OC125 resulting in a faster 
iodine excretion. Although in vitro experiments 
showed that OV-TL3 binds to fewer determinants on 
OVCAR-3 cells than OC125, tumor uptake was similar 
at 24 hours after injection. This could be because 

15 of the higher association and lower dissociation 

rates of 0V-TL3. This would also explain the higher 
tumor uptake at 120 hours after injection for 
OV-TL3. Shedding of CA125 antigen could also 
attribute to the decreased binding of OC125 at later 

20 time points. Because antigenic modulation and 
shedding may be one of the factors that limit 
effective serotherapy in vivo , it would be important 
to choose antigenic targets that do not have this 
property for use in cancer therapy (Miller, R.A. 

25 et al. , Blood 58 ; 78, 1981; Ritz, J. et al. , J. 
Immunol . 125:1506-1514, 1980). Because of its 
histological reactivity with ovarian cancers, its 
fast association and slow dissociation from ovarian 
cancer cells, and the lack of shed antigen, OV-TL3 
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can be exploited for use in immuno (radio) therapy or 
immuno-radioscintigraphy of ovarian cancer. 

Equivalents 

Those skilled in the art will recognize, or be 
able to ascertain using no more that routine ex- 
perimentation, many equivalents to the specific 
embodiments of the invention described herein. Such 
equivalents are intended to be encompassed by the 
following claims. 
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CLAIMS 

1. A cell surface antigen associated with primary 
and metastatic human ovarian carcinoma of the 
serous, mucinous, endometrioid and clear cell 

5 types characterized by specific reactivity with 

the OV-TL3 monoclonal antibody. 

2. An immunoadsorbent for specific adsorption of 
antibody reactive with CA-TL3 comprising a 
solid phase to which is bound the isolated cell 

10 surface antigen of Claim 1. 

3. An immunogen composition for immunizing an 
individual against CA-TL3 antigen comprising 
isolated CA-TL3 antigen in a physiologically 
acceptable vehicle. 

15 4^ An immunogen composition of Claim 3, wherein 

the isolated CA-TL3 antigen is characterized by 
specific- reactivity with the OV-TL3 monoclonal 
antibody. 

5. A method for producing monoclonal antibodies 
20 for use in the detection, diagnosis and treat- 

ment of cancer in humans comprising: 

a. immunizing a mouse or other suitable host 
with purified CA-TL3 antigen; 

b. fusing spleen cells of said immunized 

25 mouse or other suitable host with suitable 
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mouse myeloma cells, thereby obtaining a 
mixture of hybrid cell lines; 

c. culturing said hybrid cell lines in a 
suitable medium; 
5 d. selecting and cloning hybrid cell lines 

producing an antibody having specific 
reactivity with the CA-TL3 antigen; and 

e. recovering monoclonal antibody thus 
produced. 

10 6. A method of detecting the presence of CA-TL3 
antigen on the surface of human cells, com- 
prising the steps of: 

a. contacting the cells with labeled OV-TL3 
antibody; 

15 b . allowing the antibody to bind to the 

cells; 

c. separating the cells from the unbound 
antibody; and 

d. determining the label associated with the 
20 cells to determine the presence of CA-TL3 

antigen on surface of the cells. 

7. A method of detecting the presence of CA-TL3 
antigen on the surface of human cells, com- 
prising the steps of: 
25 a . contacting the cells with OV-TL3 antibody; 

b. allowing the antibody to bind to the 
cells; 



WO 89/01629 W W PCT/US88/02831 



-32- 



c. separating the cells from the unbound 
antibody? 

d. contacting the cells with a labeled second 
antibody which binds to 0V-TL3; 

5 e. separating the cells from unbound labeled 

second antibody; and 
f . determining the label associated with the 
cells to determine the presence of CA-TL3 
antigen on the surface of the cells. 

10 8. A method of imaging ovarian carcinoma, 
comprising the steps of: 

a. administering to an individual suspected 
of having an ovarian tumor a radiolabeled 
monoclonal antibody, or fragment thereof, 

15 which specifically reacts with the CA-TL3 

antigen; 

b. allowing the radiolabeled antibody or 
fragment to accumulate at a tumor site; 

c. detecting the signal generated by the 

20 label by means of a photo- scanning device; 

and 

d. converting the detected signal to an image 
of the tumor. 

9. A method of Claim 8, wherein the monoclonal 
25 antibody is obtained by the method of Claim 5. 



10. A method of Claim 8, wherein a (Fab') 2 or a Fab 
fragment is administered. 
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U. A method of Claim 8, wherein the radiolabel is 
Indium-111 or Technetium- 9 9m. 

12. A method of Claim 8, wherein the photo-scanning 
device is a gamma-camera. 

5 13. A method of Claim 8, wherein a monoclonal 

antibody which specifically reacts with the 
CA125 antigen is administered in combination 
with a monoclonal antibody which specifically 
reacts with the CA-TL3 antigen. 

10 14. A method of imaging ovarian carcinoma, com- 
prising the steps of: 

a. administering to an individual suspected 
1 of having an ovarian tumor an Indium-111 

or Technetium-99m labeled monoclonal 
15 antibody fragment which specifically 

reacts with the CA-TL3 antigen; 

b. allowing the radiolabeled antibody 
fragment to accumulate at a tumor site; 

c. detecting the signal generated by the 
20 label by means of a gamma-camera; and 

d. converting the detected signal to an image 
of the tumor. 

15. A method of immunotherapy of an ovarian tumor 
comprising administering to an individual 
25 afflicted with the tumor an anti- tumor amount 
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of a monoclonal antibody which specifically 
reacts with the CA-TL3 antigen, 

16 . A method of Claim 15, wherein a monoclonal 
antibody which specifically reacts with the 
5 CA125 antigen is administered in combination 

with a monoclonal antibody which specifically 
reacts with the CA-TL3 antigen, 

17 . A method of Claim 15 , wherein the monoclonal 

antibody is obtained by the method of Claim 5. 

10 18. A method of treating ovarian carcinoma, 

comprising administering to an individual 
afflicted with an ovarian tumor an anti -tumor 
amount of a conjugate, the conjugate 
comprising: 

15 a. a monoclonal antibody that specifically 

reacts x<rith the CA-TL3 antigen; and 
b. an anti- tumor agent. 

19. A monoclonal antibody of Claim 18 which is 
obtained by the method of Claim 5. 

20 20. A method of Claim 18 T wherein the anti-tumor 

agent is a radioisotope, an anti-metabolite or 
a cytotoxin. 



21. A method of Claim 18 , further comprising the 
administering of a second conjugate to the 
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individual at the same time, the second 
conjugate comprising: 

a monoclonal antibody that specifically 
reacts with the CA125 antigen; and 
b. an an ti- tumor agent. 



a 



22 . A monoclonal antibody of Claim 21 which is 
obtained by the method of Claim 5 . 



23. 



A „ethod of Claim 21. wherein t he «ti*« 
agent is a radioisotope, an antimetabolite or 
10 a cy to toxin. 

24. A method of diagnosing ovarian carcinoma, 
comprising the steps of: 
a . contacting a tissue specimen from a 

patient suspected of being affected with 
15 ovarian carcinoma with an antibody which 

specifically reacts with the CA-TL3 
antigen; 

b determining whether the antibody binds to 
cells of the tissue specimen by immuno- 
20 histochemical techniques, the binding of 

the antibody being an indication of the 
presence of ovarian carcinoma. 

25 A method of Claim 24, wherein the antibody is 
obtained by the method of Claim 5 . 
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26. A method of Claim 24 f wherein the immuno- 
histochemical technique is the immunoperoxidase 
staining technique. 

27. A method of Claim 24 , wherein the immuno- 
histochemical technique is the immuno- 
fluorescent technique. 
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